Chemical and biological methods were used to determine the nutritional value of three recently developed strains of hulless barley compared with a commercially grown hull-containing cultivar in Poland. The following quality criteria were used: protein content and composition, dietary fibre (DF) and non-cellulose polysaccharides (NCP), protein (TD) and dry matter digestibility (DMD) as well as biological value (BV) and protein utilization (NPU) in rats. All tested hulless barleys had higher protein contents (15.3 vs 13.4%) but lower lysine concentrations in their protein (2.86 vs. 3.14) than the hull-containing one. The lack of hulls in barley resulted in lower insoluble dietary fibre (IDF) and insoluble arabinoxylan contents (by 44 and 41%, respectively) and in a higher soluble jS-glucan (by 58%) content. In rats, TD and DMD were positively correlated with protein content (r = 0.80 and 0.78) and negatively with IDF content (r = -0.75 and -0.95). It seems, therefore, that the nutritive value of hulless barleys was distinctly better than that of the hull-containing cultivar.
INTRODUCTION
The high amount of insoluble fractions of nonstarch polysaccharides (NSP) in hull-containing barley is a major impediment to its use in diets, especially for young pigs. The hull comprises 10-13% of barley dry matter (Bhatty, 1986) , therefore its absence in hulless forms results in the greater content of nutrients, mainly protein and fat. The presence of hull, which is made up of chiefly cellulose and lignin, decreases the digestibility of all nutrients, mostly protein and energy in monogastrics. These fibre fractions increase the motility of the animal digestive tract, shorten the time of digesta passage and enzyme activity. Consequently, the hull has an undesirable effect on utilization of nutrients from a barley diet. Hulless barley, with its decreased content of these compounds, has a great future in feeding monogastric animals as soon as the problem of low yield and disease resistance will be overcome in Polish breeding. Hulless feature of barley has been known for a considerable time. However, it was only in the early eighties when forms suitable for cultivation as a feed grain were developed. They give good yields and are disease resistant (Bhatty, 1986) .
The study was undertaken to evaluate by chemical and biological methods, the nutritional value of recently developed hulless barley as compared with a commercially grown hull-containing cultivar in Poland.
MATERIAL AND METHODS
Three strains of hulless (RAH-735/93, RAH-736/93 and RAH-738/93) and one hull-containing barley (cv. Lot) used in this study represented spring, two-rowed barley and were grown at the Breeding Station in Radzików in 1994. The tested strains of barley gave yields equivalent to 85 to 92% of that of the reference cultivar (Lot); all the grains were completely devoid of hulls (Polkowski, 1996) . Prior to analysis or inclusion into diets the samples were ground to pass a 0.5 mm screen.
Crude protein (Nx6.25) was determined by the Kjeldahl method using a Tecator semiautoanalyzer, and dry matter by a standard method (AOAC, 1990) . Amino acids were analysed on a Beckman 119 CL autoanalyzer, after acid hydrolysis in 6 N HC1 as described by Mason et al. (1980) . The content of dietary fibre (DF) was determined by the gravimetric method of Asp et al. (1983) , while that of ^-glucans according to the method of Aman and Graham (1987) . The insoluble (IDF) and soluble (SDF) fractions of DF were hydrolysed with 2 N trifluoroacetic acid (TFA) at 125°C for 1 h, then were analyzed for non-cellulose polysaccharides (NCP) and their constituent sugars as aldononitrile acetates by gas liquid chromatography using the method of McGinnis (1982) . All analysis were performed either in duplicate or triplicate and expressed on dry matter basis.
The balance experiments were carried out on Wistar rats as described by Eggum (1973) . True digestibility (TD), biological value (BV), net protein utilization (NPU), and dry matter digestibility (DMD) were used as criteria of nutritional quality and were measured on the basis of total urine and faeces collections during 5 days of a balance period.
The data were subjected to one way analysis of variance and Tuckey's multiple range test. The minimum level of statistical significance was P<0.05.
RESULTS AND DISCUSSION

Dietary fibre and protein composition
The composition of barley protein and fibre is given in Tables 1 and 2 . The protein content in hulless barleys ranged from 14.62 to 16.65% and was on average 1.93 percentage points higher than in the hull-containing cultivar. These results are consistent with those reported by Bhatty (1986) who also found a higher protein content in hulless barley. The concentration of the first limiting amino acid, lysine, was lower in the crude protein of hulless barleys, except for one form, and was on average 0.28 percentage points lower than in the hull-containing barley. However, the content of limiting amino acids in grain dry matter in two forms of barley was almost identical. Similar results were obtained by Bhatty et al. (1979) . There were no marked differences in SDF content (Table 2 ) of hull-containing and hulless barley (6.67 vs. 6.53% DM). The latter forms had significantly lower IDF and consequently TDF contents, about 6.5 percentage points lower than in the Lot cultivar. The total content of NCP was the highest in hull-containing barley and noticeably lower in hulless forms (13.4 vs. 11.3%). The higher content of total NCP in hull-containing barley was accompanied by higher insoluble arabinoxylan content (7.18 vs. 4.24%). A similar amount of pentosans in hull-containing two-rowed barley, varying from 7.3 to 10.6%, was found by Bach Knudsen et al. (1987a) in Danish cultivars. Similarly, lower contents of pentosans in hulless barley were also found by Bengtsson et al. (1990) and Bhatty et al. (1991) . These results show that the pentosan content is affected by the presence of hull, cultivar, and environment (Aman and Graham, 1987; Bhatty et al., 1991) . In contrast, hulless barleys contain 44 and 58% more total and soluble /?-glucans, respectively, than the hull-containing Lot cultivar, which is consistent with the results of other studies (Bhatty, 1987; Bhatty et al. 1991) . In the present study, soluble jS-glucans formed, on average, 57.8% of the total /?-glucan content, exceeding the values of 44.7 and 32.7% reported earlier by Bhatty et al. (1991) and Bhatty (1987) , respectively, but in agreement with those obtained by Aman and Graham (1987) . Smith et al. (1980) found that up to 67% of total /?-glucans were soluble in poor malting barley and only 25% in good malting barley. The wide variation that exists both in content and in solubility of /?-glucans is influenced by genotype and environment (Aman and Graham, 1987; Bach Knudsen et al., 1987a) .
Biological evaluation
The results of biological evaluation are shown in Table 3 . True protein digestibility was significantly (P<0.05) higher for hulless barley than for hull--containing ones and was related to protein (r = 0.80) and IDF (r = -0.75) content (Table 4) . It is well known that the increase in protein content in most cereals is associated with raised storage protein concentrations, and that these proteins are highly digestible but low in lysine content (Eggum and Beams, 1983) . Also in barley, TD increases and BV decreases with increasing amount of protein (Horaczyhski et al., 1981) . In this study, protein quality measured by BV was also negatively correlated with protein content (r = -0.81) and positively with lysine concentration (r = 0.75) and therefore in hulless barleys, which contain more protein, was significantly (P<0.05) lower than in the hull-containing form (Table 4 ). According to Sauer and Ozimek (1986) the high inclusion of fibre into diets affects protein digestibility. These authors claim that fibre, depending on the degree of lignification, may adsorb amino acids and peptides and impair their absorption. Furthermore, fibre may decrease the activities of trypsin and chymotrypsin (Schneeman et al., 1982) and also physically impede the access of proteolytic enzymes. In contrast, Bach Knudsen et al. (1987b) reported that although TD in rats was affected by year and type of barley cultivar, these variations were not correlated with any of the DF constituents. Actually, the variability in DF content of nine barley samples used in their study was much lower than in the present one. It is noteworthy that in the current study, one strain of hulless barley with a higher lysine content and significantly higher (P<0.05) BV value than the other hulless forms also had a high TD. Consequently, the NPU for this strain was the highest among the tested hulless barleys.
The lack of hull significantly affected (P<0.05) the DMD, which was 6.4 digestibility units higher in hulless samples as compared with the Lot cultivar. The correlation between IDF and DMD was high (r = -0.95). Bach Knudsen et al. (1982) , who studied the nutritional value of mill fractions of barley, found that high addition of hull, rich in IDF fractions, drastically reduced both digestibility of protein and energy of that diet in rats as compared with those fed on an endosperm-containing diet. This was especially true for low energy digestibility, since almost all the DM in the hull diet was recovered in faeces. The main reason of such a marked negative impact of IDF fractions was assumed to be reducing transit time, thus leaving less time for microbial fermentation.
In the present study, it was shown that increased soluble jS-glucan content did not affect the digestibility of any tested diet component. A study in pigs showed that faecal /?-glucan digestibility equaled 100%, suggesting substantial degradation of this sugar by endogenous feed enzymes and bacteria in the anterior part of the gastrointestinal tract (Graham et al., 1986) . Furthermore, enzyme supplementation did not significantly improve the nutritive value of barleybased diets for pigs in their study.
CONCLUSIONS
The present data confirm the view that the genotype of barley influences /?-glucan content to a high degree, and of protein to a lesser extent. In general, the hulless forms contain more protein and soluble /?-glucans than hull-containing ones. However, this higher content of soluble jS-glucans does not affect the digestibility of protein and dry matter. The major factors affecting the digestibility of nutrients from a barley based-diet are the insoluble fractions of dietary fibre. Thus, hulless barley with its substantially decreased content of these fractions has a superior nutritional, especially energetic, value than the hull-containing cultivars. However, for better utilization of protein, in practice, hulless barley diets should be supplemented with more lysine than diets with hullcontaining barley.
